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Claim 

A type of semiconductor resistance device characterized by the following facts: the 
semiconductor resistance device has a semiconductor substrate of a certain electroconductive 
type, first resistors made of polysilicon formed on said semiconductor substrate, and second 
resistors set separated from said first resistors with an insulating film on said semiconductor 
substrate; in this semiconductor resistance device, said first resistors have a negative temperature 
coefficient; said second resistors have a positive temperature coefficient; and said second 
resistors or said first resistors are formed in a size such that the temperature coefficients of said 
first resistors and said second resistors cancel each other. 
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Detailed explanation of the invention 
Industrial application field 

This invention pertains to a type of semiconductor resistance device with a low 
temperature coefficient for use in semiconductor integrated circuits. 

Prior art 

Resistances used in the structures of conventional resistors used in integrated circuits 
include diffusion resistance prepared by means of base or emitter diffusion, epitaxial resistance 
that uses the epitaxial layer as is, pinch resistance, polysilicon resistance using polysilicon, etc. 
In some cases, it is necessary to form high-resistance resistors for these types of resistances. 

In this case, the area of the resistor is increased to realize a higher resistance. 
Consequently, the semiconductor area becomes larger, and variation in the resistance becomes 
larger. This is undesired. 

In order to overcome the aforementioned disadvantage, Japanese Kokai Patent 
Application No. Sho 59[1984]-191368 described a constitution composed of the following parts: 
an oxide film formed on a semiconductor substrate of a certain electroconductive type by means 
of thermal oxidation or the like, a group of first resistors made of polysilicon formed on said 
oxide film, a group of second resistors (diffusion resistor group) formed separated from said first 
resistor group by means of an insulating film on said semiconductor substrate and formed by 
means of diffusion in portions between said first resistors, and electrodes connecting said 
polysilicon resistors and said diffusion resistors. 

Problems to be solved by the invention 

The aforementioned constitution does not require a large semiconductor area, and it 
allows high-density assembly. However, said polysilicon resistors and diffusion resistors have 
certain temperature coefficients, so that it becomes very hard to obtain the desired resistance in a 
prescribed treatment. 

Means to solve the problems 

Usually, polysilicon resistors (4) and diffusion resistors (5) have certain temperature 
coefficients. This invention effectively uses such temperature coefficients. According to this 
invention, resistors (1) have a low temperature coefficient; polysilicon resistors (4) have a 
negative temperature coefficient; and diffusion resistors (5) have a positive temperature 
coefficient. Consequently, second resistors (5) and first resistors (4) are formed in appropriate 
sizes so that the temperature coefficient of said first resistors (4) and the temperature coefficient 
of said second resistors (5) cancel each other. 
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Operation of the invention 

Usually, for resistors (4), (5), the resistance is a function of the width of resistors (4), (5) 
and length of resistors (4), (5): Consequently, it is possible to form said second resistors (5) and 
first resistors (4) in appropriate sizes so that the temperature coefficients of said first resistors (4) 
and said second resistors (5) cancel each other. 

Application examples 

In the following, application examples of semiconductor resistance devices (1) of this 
invention will be explained with reference to Figures 1-7. 

As shown in Figures 2 and 4, the semiconductor resistance device is composed of the 
following parts: semiconductor substrate (2) of a certain electroconductive type; silicon oxide or 
another insulating film (3) formed on said semiconductor substrate (2) by means of thermal 
oxidation or the like; first resistors (4) having a negative temperature coefficient and made of 
polysilicon patterned on said insulating film (3) using etching or another method; second 
resistors (5) having a positive temperature coefficient, separated from said first resistors (4) by 
means of insulating film (3) on said semiconductor substrate (2) and formed between said first 
resistors (4), (4); insulating film (6) integrated to insulating film (3) on said semiconductor 
substrate (2) and covering the surface of said first resistors (4); and electrodes (7) connected in 
series to said first resistors (4) and second resistors (5) as shown in Figure 3. 

The characteristic feature of this invention pertains to said first resistors (4) and second 
resistors (5). Said first resistors (4) are made of polysilicon and have a negative temperature 
coefficient, while second resistors (7) [sic; (5)] are made of a p typeion implanting layer and 
have positive temperature characteristics. Here, resistance R of resistors (4) and (5) can be 
represented approximately by the following equation: 

R = ps £/w 

where, ps represents the sheet resistance, £ represents length of the resistor, and w represents 
width of the resistor. Consequently, by changing length £ and width w of the resistors, it is 
possible to form said second resistors (5) and said first resistors (4) in sizes so that the 
temperature coefficients of first resistors (4) and second resistors (5) cancel each other, with said 
resistors connected in series with electrodes (7). 

As shown in Figure 7, for resistors (4) and (5), it is possible to change the sheet resistance 
by adjusting the ion implanting amount. Because the temperature characteristics can be changed 
by adjusting the sheet resistance, adjustment can be better performed by adjusting the ion 
implanting in addition to adjustment of length £ and width w of the resistors. 
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Figure 5 is a diagram illustrating a case in which length £ of the resistors is kept constant 
(as shown in Figure 1). Figure 6 is a diagram illustrating a case in which width w of the resistors 
is kept constant (as shown in Figure 3). Also, one may also adjust both length 2 and width w of 
the resistors (not shown here). 

As a result, it is possible to form a semiconductor resistance device with a small 
temperature coefficient by forming said second resistors (5) and said first resistors (4) in sizes so 
that the temperature coefficients of said first resistors (4) and second resistors (5) cancel each 
other. 

Effect of the invention 

As explained above, according to this invention, it is possible to reduce the temperature 
coefficient by forming said second resistors (5) and first resistors (4) in appropriate sizes so that 
the temperature coefficients of said first resistors (4) and second resistors (5) cancel each other. 
Consequently, it is possible to form a semiconductor resistance device with a very high degree of 
integration and a very small temperature coefficient of the resistance. 

Brief description of the figures 

Figures 1 and 3 are plan views illustrating semiconductor resistance devices of this 
invention. Figures 2 and 4 are cross-sectional views of these semiconductor resistance devices of 
this invention taken across X-X\ Figures 5 and 6 are tables listing the conditions for forming the 
structures shown in Figures 1 and 3. Figure 7 is a diagram illustrating the temperature 
characteristics of the resistances of polysilicon and a p typeion implanting layer. 

Explanation of symbols 

1 Semiconductor resistance device 

2 Semiconductor substrate 

3 Insulating film 

4 First resistor 

5 Second resistor 

6 Insulating film 

7 Electrode 
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Figure 4 
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Figure 5 



Key: 1 Polysilicon 

2 p + typeion implanting layer 

3 Implanting amount 

4 Implanting energy 

5 Impurity 

6 Sheet resistance (Q/square) 

7 Temperature characteristics 

8 Width of resistor 

9 Length of resistor 

10 Boron 
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Figure 6 



Key: 1 Polysilicon 

2 p + typeion implanting layer 

3 Implanting amount 

4 Implanting energy 



5 Impurity 

6 Sheet resistance (Q/square) 

7 Temperature characteristics 

8 Width of resistor 

9 Length of resistor 

10 Boron 
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Figure 7. Temperature characteristics of polysilicon and p typesilicon resistances. 

1 Rate of change 

2 Temperature 

3 p typesilicon 

4 Polysilicon 
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